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(54) OLIGONUCLEOTIDES USED FOR DETECTING VIBRIO PARAHEMOLYTICUS AND METHOD 
OF DETECTION THEREWITH 

(57) An oligonucleotide having a nucleic acid 
sequence derived from SEQ ID NO:1 and at least one 
site capable of amplifying a nucleic add sequence char- 
acteristic of Vibrio parahemolyticus ; the above oligo- 
nucleotide having a nucleic acid sequence unavailable 
from SEQ ID NO:3; the above oligonucleotide incapable 
of amplifying nucleic acid sequences originating in 
Vibrio afginolyticus and Vibrio harvei ; the above oligo- 
nucleotide represented by the sequence of CGG CGT 
GGG TGT TTC GGT AGT or TCC GCT TCG CGC TC A 
TCA ATA; and a method of detecting Vibrio 
parahaemofyticus by preparing a primer set comprising 
two of the above oligonucleotides, selectively amplifying 
therewith a DMA gyrase subunit B gene sequence con- 
tained in a specimen as a target, and determining 
whether or not there is a gyrB unit specific for Vibrio 
parahaemolyticus in the specimen. This method has 
made it possible to provide a primer which specifically 
reacts with a gyrB gene of Vibrio parahaemofyticus to 
thereby differentiate and identify the same among other 
vibrios and strains other than the genus Vibrio . The 
primer specific for Vibrio parahaemofyticus serves to 
detect 285-bp gyrB gene fragments specific for this 
vibrio by the PCR method without the necessity for DIMA 
extraction or like operations from bacterial cells. 



Q. 
LU 



Printed by Xerox (UK) Business Services 

2.16.7/3.6 



BEST AVAILABLE COPY 




EP0965 636A1 

Description 

FIELD QF THE INVENTION 

5 [0001 ] This Invention relates to oligonucleotide primers for amplification of the target nucleotide sequence character- 
istic of Vibrio parahaemofyticus (abbreviated as "VP" somewhere hereinafter). This invention relates to the method for 
detecting Vibrio parahaemofyticus based on the polymerase chain reaction (PCR) using a primer specific for the DNA 
gyrase sub-unit B gene (Nucleotide sequence of DNA gyrase B subunit, abbreviated as "gyrB" hereinafter). 

10 PRIOR ART 

[0002] Vibrio parahaemofyticus is known to cause food poisoning in many countries. It is found not only in the intestine 
but also in other organs and in the postoperative wound. Vibrio parahaemofyticus is a Gram negative, polymorphic, 
bacilliform, halophilic, facultative anaerobe, which ferments carbohydrate to generate gas. K forms green colonies on 
75 thiosulfate-citrate-bile-sucrose (TCBS) agar. 

[0003] For detection of Vibrh parahaemolyticus, is used usually a method where the specimen is cultivated in an 
enrichment medium followed by isolation by the selective plate culture The conventional method of detection requires 
one week, and therefore a more rapid method has been desired. 

[0004] The fluorescence assay based on determination of trypsin activity can detect rapidly Vibrio parahaemofyticus 
20 but cannot differentiate Vibrio parahaemofyticus from Vibrio afginolyticus or Vibrio harvei. The conventional methods 
for identification of Vibrio parahaemofyticus and Vitrio alginofyticus are time-consuming because the 16S rRNA 
sequence reveals homology of 99.7% between Vibrio parahaemofyticus and Vitrio afginolyticus. 
[0005] The genus Vibrio includes 37 different species, all of which are derived from aquatic environment Based on 
the systematic data of rRNA, species known as V. anguflarum, V. ordalli, and V. damseia have been newly classified 
25 as Listonetta or Photobacterium. Ten species are involved in gastroenteritis, infection of the wound, and human septi- 
cemia, while 7 species are known to be pathogens for fish. Vibrio parahaemofyticus occurs usually in an environment 
such as river-mouth and sea, being isolated from sea water and fishes and shellfishes often in summer. 
[0006] For isolation and identification of Vibrio parahaemofyticus . the specimen is inoculated into a selective medium 
such as the bromothymolWue-teepol agar medium or TCBS agar medium, followed by isolation of bluish green colonies 
so and examinations for the biochemical properties of the colonies. Unfortunately many Vibrio species show the same 
responses, and thus more detailed biochemical examinations are required for reliable identification. Examinations for a 
variety of biochemical properties on many isolates are time-consuming and laborious. Serological identification of 
Vibrio parahaemofyticus shows a cross reaction with other Vibrio species. 

[0007] A method for identification of a Vibrio species was developed which used DNA In this method were used DNA 
55 probes capable of amplifying the cholera toxin cperon from V cholera 01 to identify specifically the bacterium. These 
probes cross-react with Vibrio species other than cholera toxin-producing V. cholera. A method for identification of V. 
vulnificus has been developed in which hybridization is carried out on a membrane filter by using a fluorescent-labeled 
oligonucleotide probe (Wright A.C. et al., Appl. Environ. Microbiol. 59: 541-546, 1993). 

[0008] In addition, the oligonucleotide DNA probe was constructed from a portion of the cytolysin gene {hlyA) 
40 sequence of V. vulnificus and labeled through the covalent bond. These probes do not react with non-toxinogertic V 
vulnificus and therefore do not detect all strains of V. vulnificus . 

[0009] Similarly, other molecular biologic methods using the toxic factor (TDH, TRH) genes as the target can detect 
taxinogenic V. parahaemofyticus, though based on the toxic factor, all strains of V. parahaemofyticus cannot be 
detected. 

45 

DISCLOSUR OF THE INDENTION 

[001 0] The object of this invention is to provide a method for differentiation of Vibrio parahaemolyticus from other 36 
Vibrio species. 

so [001 1 ] The object of this invention is to provide a method for detection of the 285-bp gyrB gene fragments specific for 
Vibrio parahaemolyticus by the PCR method without the necessity for DNA extraction or like operations from bacterial 
cells by use of Vibrio parahaemofyticus-specftlc primers. 

[001 2] Because this invention provides oligonucleotide probes useful for PCR, this invention relates to oligonucleotide 
primers for amplification of the target nucleotide sequence characteristic of Vibrio parahaemolyticus. The primers are 
55 exemplified by Sequences No.5 and No.6, which are used as a primer set for detection of the target nucleotide 
sequence characteristic of Vibrio parahaemolyticus. 

[001 3] The primer set is used in the method for determining whether or not there is the target nucleotide sequence 
characteristic of Vibrio parahaemofyticus. A Vibrio parahaemolyticus-speaflc primer is capable of detecting a Vibrio 
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parahaemofyticusspeafic gyrB gene fragment by the PCR method. 

[001 4] In this invention "primer" means an oligonucleotide which is produced synthetically or biologically and includes 
a specific nucleotide sequence which permits hybridization to a section containing the target nucleotide sequence. 
[001 5] A primer Is capable of replicating a full target nucleotide sequence by synthesis by extension in the presence 
of polymerase or an analogous enzyme. 

[001 6] A primer is used in the method for amplification of nucleotide sequence, such as PCR and sequence displace- 
ment amplification (SDA). A particular primer, especially those useful for SDA technology, contains not only the 
sequence capable of hybridization to the target nucleic acid, but also a recognition sequence for restriction endonucle- 
ase and an arbitrary sequence which allows polymerase or another enzyme continuing polymerase-! ike activity to direct 
itself to initiate the synthesis of the template-specific oligonucleotide. 

[0017] in this invention, "hybridization" means a process where, under predetermined reaction conditions, partially 
or completely complementary nucleic acid chains, standing opposite to each other in an anti-parallel way, form a two- 
strand nucleic acid through specific and stable hydrogen bonds. 

[001 8] As described above, this invention relates to oligonucleotide primers useful for determination of the presence 
or absence of the target nucleotide sequence that is specific for Vibrio parahaemolyticus. 

[001 9] The procedures used for such determination include not only the PCR-based gene amplification procedure, 
but also Southern hybridization, a prior art wherein the primer is used as a probe. 

[0020] The primer in this invention is specific for the gyrB subunit gene sequence of Vibrio parahaemolyticus. The 
probe is specific for the internal consensus sequence in the primer amplification product 

[0021] The inventors have studied a method using the gyrB gene encoding the B subunit protein of DMA gyrase 
(topoisomerase II ) as a highly specific probe, to solve the problems in the prior art described above. 
[0022] A method has been reported recently for detection and taxonomic analysis of Pseudomonas putida with a uni- 
versal primer with which the gyrB gene was sequenced directly. Such universal primers were used for PCR-based 
amplification of the gyrB gene fragments of various Gram-negative and Gram-positive bacteria. The inventors used 
these existing primers to amplify the 1.2-kb gyrB fragments of 37 Vibrio species. The gyrB base sequence of Vibrio 
parahaemolyticus ATCC17802 and that of Vibrio alginolyticus ATCC17749 (abbreviated as VA* somewhere hereinaf- 
ter) have been shown. 

[0023] In addition, the inventors prepared PCR primers capable of amplifying and identifying only the gyrB gene of 
Vibrio parahaemolyticus. The sensitivity of these Vibrio parahaemofyticusspecftc primers was investigated with 1 18 
Vibrio parahaemolyticus strains, 20 Vibrio alginolyticus strains, and other 78 strains. 

[0024] Yamamoto and Harayama (Appl. Environ. Microbiol. 61 ; 11 04-1 1 09, 1 995) and others prepared PCR primers 
capable of amplifying the gyrB gene from two conserved regions of the amino acid sequences of the DNA gyrase sub- 
unit B proteins. These primers were used for amplification of the about 1 .2-kb gyrB gene fragments from various bac- 
teria. 

[0025] The gyrB gene fragment amplified from Vibrio parahaemolyticus ATCC17802 and that from Vibrio 
alginolyticus AATCC1 7749 were cloned by using a suitable vector according to the conventional method of recombina- 
tion (Sambrook et at, Molecular cloning: a laboratory manual, 2 nd ed, Cold Spring Harbour Laboratory Press, Cold 
Spring Harbour, New York. 1989). 

[0026] Desirable vectors include pGEMzf(+), and any common vector may be used. 

[0027] The 1 .2 kb gyrB gene fragment from Vibrio parahaemolyticus cloned with pGEMzf(+) is called a plasmid pVP 
gyrB t and that from Vibrio alginolyticus a plasmid pVAg/rS. 

[0028] The probe is amplified also with a conventional method (Sambrook et at, 1989). For example, a plasmid is 
inserted into the vector for transformation of Escherichia coli with ah effective mean such as calcium chloride. Trans- 
formed cells are cultivated under appropriate conditions. 

[0029] The target genes are collected after lysis of bacterial cells, and purified by the alkali method or the like. Purified 
plasmid is used as the specimen. 

[0030] The PCR method was tried for detection and differentiation of Vibrio parahaemolyticus from other Vibrio spe- 
cies including Vibrio alginolyticus. This method is capable of amplifying a sequence homologous with the probe, prac- 
tically increasing the sensitivity. 

[0031 ] According to the base sequence of the probe, the synthesized oligonucleotide primer amplifies DNA only when 
the target base sequence is present in the specimen. Not only the sensitivity is enhanced but also an absolute specifi- 
city can be attained by using an oligonucleotide having specificity based on the base sequence of the DNA probe. 
[0032] For preparation of effective primers, the base sequence of pVPgyrB and that of pVAgyrB were determined with 
the DNA sequencer according to the conventional method. 

[0033] For determination of the base sequence of gyrB, the base sequence of the N-terminal and C-terminal regions 
of the amplified fragment was also determined by using UP-1S and UP-2Sr primers ffemamoto and Harayama, Appl. 
Environ. Microbiol. 61 : 1 104-1 109, 1995). For extension of the determined base sequence, an additional primer was 
prepared from the base sequence determined by using UP-1 S. The length of the whole base sequence of the amplified 
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fragment is 1258 bp, and the sequence is shown in Sequence No.1 (pVPgyrS) and Sequence No.3 (pVAgyrB). The 
amino acid sequence encoded by Sequence No.1 and that encoded by Sequence No.3 are shown in Sequence No.2 
and Sequence No.4, respectively. 

[0034] With this information of the base sequence, 21 -bp primers were prepared that can detect and identify Vibrio 
s parahaemofyticus from other bacteria. These primers contain Sequences Na5 and No.6, being usable as a primer 6et 
[0035] These novel primers are useful in the existing assay method using PGR (SaiW et al., Science 239: 487-491, 
1 988). These primers are used for amplification of the target DNA in a specimen, making the amount of DNA suff ident 
for detection. Following the amplification step, the step of detection may be performed by any method as far as it is 
effective for detection of DNA, for example, by electrophoresis on agarose gel. 
10 [0036] The target DNA functions as the template. Amplification of the template DNA in the specimen is effected by 
treatment of the primer pair with a duplex DNA. This treatment results in extension of the sequence complementary to 
each nucleotide sequence. The resultant sequence functions as the template of the primer. The treatment process 
comprises denaturation of DNA, annealing to a sequence complementary to the primer, and extension of the primer 
with DNA polymerase (ag. Taq polymerase), and is repeated until DNA has been produced in an amount sufficient for 
is detection of the target sequence. The conditions of the amplification based on PCR are summarized in the Example 3 
below. 

[0037] Following amplification, the amplified sequence is detected by electrophoresis on agarose gel. The primer pair 
[VP1(Sequence No.5), VP2 (Sequence Na6)] amplifies the 285-bp when the gyrB gene sequence is used as the tar- 
get 

20 [0038] The 285-bp DNA was amplified for 37 Vibrio strains obtained from ATCC, JCM, CDC, and NCIMB collections. 
The chromosomal DNA preparations from these bacteria were obtained according to the conventional method (Sam- 
brook et al.. Molecular cloning: a laboratory manual, 2 nd ed, Cold Spring Harbour Laboratory Press, Cold Spring Har- 
bour, New York, 1989). The target DNA, 1 \i g, was subjected to PCR. The 285-bp specific band was found only in the 
preparation from Vibrio parahaemofyticus, while it was not detected in any preparation from other species (Table 1) 

25 However the PCR-based amplification using the primer set (UP-1. UP-2r) according to Yamamoto and Harayama 
(1995) detected 1.2-kb gyrB fragment and thus could confirm the presence of the DNA gyrase B subunit. Based on 
these findings, it is concluded that the primers of this invention are Vibrio parahaemolyticus -specfl '\c and usable for 
detection of the pathogen. 

[0039] This invention relates to the oligonucleotides characterized in that they have the nucleotide sequence derived 
so from Sequence No.1 and include at least one site capable of amplifying the Vibrio parahaemofyticus-specmc nucleotide 
sequence. This invention relates to the oligonucleotides characterized in that they have the nucleotide sequence 
derived from Sequence No.1 but not from Sequence No.3 and include at least one site capable of amplifying the Vibrio 
parahaemolyticus-specttic nucleotide sequence. 



Table 1 
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S.no. 


Microbes 


Strain Number 


PCR results of gyrB 








1.2-kb 


285bp 


1 


Vibrio aestuarianus 


ATCC35048 


+ 




2 


Vibrio albensis 


ATCC14547 


+ 




3 


Vibrio alginolyticus 


ATCC17749 


+ 




4 


Vibrio Campbell i 


ATCC25920 


+ 




5 


Vibrio carchariae 


ATCC35084 


+ 




6 


Vibrio choierae 01 


P1418 






7 


Vibrio choierae non 01 


NR 


+ 




8 


Vibrio cincinnatlensis 


ATCC35912 


+ 




9 


Vibrio costicoia 


ATCC33508 


+ 




10 


Vibrio diazotrophicus 


ATCC33466 


+ 




11 


Vibrio fischeri 


ATCC 7744 


+ 




12 


Vibrio fluviaiis 


JCM3752 


+ 




13 


Vibrio furnissil 


ATCC35016 


+ 
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Table 1 (continued) 





S.no. 


Microbes 


Strain Number 


PCR results of gyrB 










1.2-kb 


285bp 


5 


14 


Vibrio gazogenes 


ATCC29988 


+ 






15 


Vibrio harveyi 


ATCC14126 


+ 






16 


Vibrio hollisae 


CDC75-80 


+ 




10 


17 


Vibrio iogei 


ATCC29985 


+ 






18 


Vibrio marinus 


ATCC15381 


+ 






19 


Vibrio mediterranei 


ATCC43341 


+ 






20 


Vibrio metschnikovii 


ATCC 7708 


+ 




15 


21 


Vibrio mimicus 


CNS9582 


+ 






22 


Vibrio mytili 


NCIMB13275 


+ 






23 


Vibrio natriegens 


ATCC14048 


+ 




20 


24 


Vibrio navarrensis 


NCIMB13120 


+ 






25 


Vibrio nereis 


ATCC25917 


+ 






26 


Vibrio nigriputchritudo 


ATCC27043 


+ 




25 


27 


Vibrio ordalii 


ATCC33509 


+ 




28 


Vibrio orientalis 


ATCC33934 


+ 






29 


Vibrio parahaemolyticus 


ATCC17802 


+ 






30 


Vibrio proteoiyticus 


ATCC15338 


+ 




30 


31 j 


Vibrio salmonicida 


ATCC43839 


+ 






32 


Vibrio splendidus 


ATCC33125 


+ 






33 


Vibrio tubiashii 


ATCC19109 


+ 






34 


Vibrio vulnificus 


ATCC2046 


+ 




35 


35 


Ustoneiia anguillarum 


ATCC19264 


+ 






36 


Listonelia pe/agia 


ATCC25916 


+ 






37 \ 


Photobacterium damseia 


ATCC33539 


+ 




40 


ATCC : American Type Culture Collection 

J CM : Japan Collections of Microrganisms 

NCIMB : National Collections of Industrial and Marine Bacteria. 

CDC : Centre for Disease Control 



45 

[0040] The symbols other than those descrfced above refer to the strain names. 

[0041] Also the standard strains of genera Aeromonas % AJteromonas, Marinomonas, Shigella, Shewanelia t 
Salmonella, Escherichia and Staphylococcus aureus were examined for the presence of gyrB and the Vibrio 
parahaemolyticusspecttic 285-bp. As shown in Table 2. gyrB was found to be present in all of the strains though the 
so Vibrio parahaemolyticus-specffic 285-bp ampfif ication was found in none of the strains. 



Table 2 



55. 



S.no. 


Microbes 


Strain number 


PCR results of gyrB 








1.2-kb 


285bp 


1 


Alteromonas atlantica 


ATCC19262 


+ 





5 



• 



EP0 965 636A1 



Table 2 (continued) 



S.na 


Microbes 


Strain number 


PCR results of gyrB 








1.2-kb 


285bp 


2 


Afteromonas carrogeenovara 


ATCC43555 


+ 




3 


Alteromonas chrea 


ATCC29719 


+ 




4 


Afteromonas espejiana 


ATCC29659 


+ 




5 


Alteromonas halopianktis 


ATCC14393 


+ 




6 


Alteromonas iuteoviolaceae 


ATCC33492 


+ 




7 


Alteromonas macleodii 


ATCC27126 


+ 




6 


Alteromonas tetraodonis 


NCIMB13177 


+ 




9 


Alteromonas undina \ 


ATCC29660 






10 


Man'nomonas communis 


ATCC27118 


+ 




11 


Marinomonas vaga 


ATCC27119 


+ 




12 


Aeromonas hydrophila 


ATCC 19570 


+ 




13 


Esherichia coll 


ATCC25922 


+ 




14 


Salmonella typhimurium 


ATCC13311 


+ 




15 


Shewanella putrefaciens 


ATCC 8071 


+ 




16 


Shigella dysenteriae 


ATCC13313 


+ 




17 


Shigella sonneii 


ATCC29930 


+ 




18 


Staphylococcus aureus 


ATCC12600 


+ 





30 

[0042] Various phenotypes, serotypes, and toxinogenic types have been reported for Vibrio parahaemofyticus. A 
probe specific for the thermostable hemolysin, a toxin produced by Vibrio parahaemofyticus, has been reported 
(Nishtouchi et al., FEMS Microbiol. Lett 55: 251-256. 1990). Such toxin-specific probes are clinically important, though 
they cannot detect all types of Vibrio parahaemofyticus. For prevention of contamination of food with Vibrio 
35 parahaemofyticus, it is essential to detect all types of Vibrio parahaemofyticus in food or in the environment Then 
Vibrio parahaemofyticus strains isolated from food, water, soil, and other materials were investigated for their pheno- 
types, serotypes, and the toxicity. Ail of the 1 18 Vibrio parahaemofyticus strains were subjected to PCR using the prim- 
ers VP1 and VP2. ft was evident that the 285-bp had been amplified. 

[0043] The results are summarized in Table 3. The strains shown in Table 3 are those isolated from and identified in 
40 food, soil, water or feces, some of which were kindly given by Prof. Shinoda, Okayama University, and Prof. Yamamoto, 
Kyushu University. As shown in Table 3, amplification of the 285-bp was not observed in any of the 20 strains of Vibrio 
alginolyticus also isolated from various materials. 

[0044] This invention relates to oligonucleotides characterized in that they have the nucleotide sequence obtained 
from Sequence No.1, contain at least one site capable of amplifying the nucleotide sequence characteristic of Vibrio 
45 parahaemofyticus, and cannot amplify the nucleotide sequence derived from Vibrio alginolyticus or Vibrio harvei. 
[0045] This invention relates to oligonucleotides characterized in that they have the nucleotide sequence obtained 
from Sequence No.1 but not from Sequence No.3, contain at least one site capable of amplifying the nucleotide 
sequence characteristic of Vibrio parahaemofyticus, and cannot amplify the nucleotide sequence derived from Vibrio 
alginolyticus or Vibrio harvei 

50 



Table 3 



S.no. 


Name 


Strain no. 


Kanagawa phenomenon 


PCR 


1 


V.parahaemolyticus 


33-7 


+ 


+ 


2 


Vparahaemofytfcus 


33-8 


+ 




3 


V.parahaemolyticus 


33-10 


+ 


+ 
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Table 3 (continued) 





S.no. 


Name 


Strain no. 


Kanagawa phenomenon 


PCR 




4 


V parahaemolyticus 


V83 


+ 


+ 


5 


5 


V.parahaemolyticus 


WP-1(y) 


+ 


+ 




6 


V.parahaemolyticus 


WP-1 


+ 


+ 




7 


Vparahaemolyticus 


39-11 




+ 


10 


8 


V.parahaemolyticus 


46-11 




+ 




9 


V. parahaemolyticus 


AQ3301 




+ 




10 


V.parahaemolyticus 


AQ3314 




+ 




11 


V. parahaemolyticus 


AQ3321 




+ 


15 


12 


V.parahaemolyticus 


AG3326 




+ 




13 


V.parahaemolyticus 


AQ3331 




+ 




14 


V.parahaemolyticus 


! AQ3343 




+ 


20 


15 


Vparahaemolyticus 


AQ3345 




+ 




16 


V.parahaemolyticus 


AQ3346 




+ 




17 


Vparahaemolyticus 


AQ3354 




+ 


25 


18 


Vparahaemolyticus 


AQ3360 




+ 


19 


Vparahaemolyticus 


AQ3627 




+ i 




20 


V.parahaemolyticus 


AQ3629 








21 


Vparahaemolyticus 


AQ3633 




+ 


30 


22 


Vparahaemolyticus 


AQ3634 




+ 




23 


Vparahaemolyticus 


BB22 




+ 




24 


Vparahaemolyticus 


ML34 




+ 


35 


25 


Vparahaemolyticus 


ML159 




+ 


26 


Vparahaemolyticus 


ML1017 




+ 




27 


Vparahaemolyticus 


MY67-6 




+ 




28 


Vparahaemolyticus 


MY73-2 




+ 


40 


29 


Vparahaemolyticus 


OK80-480 




+ 




30 


Vparahaemolyticus 


OKA80-214 




+ 




31 


Vparahaemolyticus 


OKA80-232 




+ 


45 


32 


Vparahaemolyticus 


S53 




+ 




33 


Vparahaemolyticus 


RIMD2210521 




+ 




34 


Vparahaemolyticus 


AR1-01 




+ 




35 


Vparahaemolyticus 


AR3-02 




+ 


50 


36 


Vparahaemolyticus 


AR4-01 




+ 




37 


Vparahaemolyticus 


AR4-02 




+ 




38 


Vparahaemolyticus 


AR6-01 




+ 


55 


39 


Vparahaemolyticus 


AR6-02 




+ 


40 


Vparahaemolyticus 


AR7-01 




+ 




41 


Vparahaemolyticus 


KB1-01 




+ 



7 




EP0 965 636A1 



Table 3 (continued) 



S.no. 


Name 


Strain no. 


Kanagawa phenomenon 


PGR 


42 


V.parahaemolyticus 


KB1-03 




+ 



5 ' 

[0046] For evaluation of the assay systems based on PCR, dilutions of the genomic DNA of Vibrio parahaemoiyticus 
ATCC1 7802 strain were prepared and used as the template for PC R-based amplification. Even in the dilution containing 
only 1ng of the genomic DNA, detection was possible by amplification using the primers VP1 and VP2. For enhance- 
ment of the sensitivity from the ng level up to the pg level, DNA after electrophoresis was subjected to the Southern blot- 
10 ting. The dilution of cultivated Vibrio parahaemoiyticus ATCC17802 cells was used for amplification with the primer 
described above, where the defection limit was about 1cfu/reaction tube. That is, the detection limit based on PCR was 
1 cfu/1 0 ji I or 1 r^cfu/mt. Detection by plating or by use of a selective agar medium has a sensitivity capable of detecting 
one liable cell but requires much labor and much time. 

[0047] The assay methods based on PCR are superior to the conventional detection methods from the viewpoint of 
is the balance among the speed, sensitivity, and specificity which is essential for the method of detection of bacteria, and 
thus useful. 

BEST EMBODIMENTS OF THE INVENTION 

20 [0048] This invention is explained with Examples in the following. The Examples show the mode of working of the 
invention, and do not limit the invention at all. 

Example 1 

25 Conventional method of isolation of Vibrio parahaemolvticus in food 

[0049] To 25 g of a food specimen, was added the alkaline peptone water [manufactured by Nissui Pharmaceutical 
Co., Ltd.] followed by inoculation with Vibrio parahaemoiyticus ATCC17802 and incubation at 37°C for 18 hours. One 
loopfid amount of the culture was inoculated into the TCBS agar medium by streaking and incubated at 37°C for 24 

30 hours. All of green colonies were isolated further with the T^ agar medium (distilled water containing 1% of Bacto 
tryptone, 1% of NaCI, and 1.5% of agar). Sufficiently isolated colonies were subjected to biochemical examinations. 
The strains that showed the following properties were Identified as typical Vibrio parahaemoiyticus: positive tests for 
oxidase, lysine decarboxylase, ornithine decarboxylase, gellatinase, lipase, and chitinase; indole producing; viable at 
the salt concentration of 0.5 to 8% at 42°C; sensitive to 0/129 (150 \l g); producing adds from glucose, mannitol, and 

35 mannose; negative tests for arginine dehydrogenase and arginase; not viable at salt concentration of 0%; and produc- 
ing no add from sucrose, lactose or safidn. 

Example 2 

40 Isolation of chromosomal PNA 

[0050] A Vibrio parahaemoiyticus strain was cultured by shaking in the TSB medium (manufactured by Elken Chem- 
ical Co., Ltd.) at 37°C for about 24 hours. Cells were collected by centrifugation (manufactured by Tomy Seiko Co., Ltd.) 
(15,000 rpm, 15 minutes, 4°C), and suspended in 10 ml of sterile TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). Cells 

45 were lysed by lysozyme (final concentration 1 mgAnl; manufactured by Wako Pure Chemical Industries, Ltd.), and main- 
tained at 37°C for 20 minutes while being shaken gently. To the cell lyzate was added SDS (final concentration 0.5%) 
and the mixture was incubated at 65 e C . For degradation of protein and RNA. were added proteinase K (final concen- 
tration 500 p, Q/wS) and RNase (final concentration 5 g/ml), and the mixture was incubated at 37«C for 30 minutes and 
for 60 minutes, respectively. The samples were extracted three times with buffer saturated phenol (GIBCO/BRIJ, once 

so with phenol: chloroform (1 :1) and once with chloroform: isoamylalcohol (24:1). Clear supernatant was obtained by cen- 
trifugation of the extract and DNA was predpitated by addition of two volumes of ice-cooled ethanol: 3M sodium acetate 
(1 0:1). The reaction mixture was kept overnight at -20°C. The DNA predpitate was concentrated by centrifugation, and 
ethanol was evaporated off under reduced pressure. The dried DNA was dissolved in the TE buffer, which was used as 
the DNA template. The purity of DNA was determined by electrophoresis on agarose gel, and the concentration of DNA 

55 was determined with the spectrophotometer. 
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Example 3 

Assay based on PCR 
Preparation of specimens 

[0051] All cells including also those not used for extraction of DMA were used as the template. Fresh cells grown on 
agar media were used. Cells grown on liquid media were used after separation of ceils by centnfugation followed by 
washing once with PBS buffer (pH 7.5), and a suitable number of resultant cells were used. In some cases, DMA 
extracted with phenol-chloroform was used as the template of PCR amplification. PCR amplification conditions 
[0052] PCR assay was carried out with a DNA Thermal Cycler (Perkin Elmer Corp.). One hundred microliter of the 
reaction mixture (Tris-HCL 100 mM, MgCI 2 15 mM, KCi 500 mM, pH 8.3) contains 100 ng of genomic DNA, 200 \i M of 
dNTPs, and 1 \i M of primer. DNA degeneration, annealing, and DNA extension were carried out at 94°C for 60 sec- 
onds, at 60°C for 60 seconds, and at 72°C for 120 seconds, respectively, and a total of 30 cycles of amplification were 
performed. Following amplification, detection was made by gel electrophoresis. Twenty microliter of the sample was 
subjected to electrophoresis on agarose gel (1% agarose, SeaKem ME, FMC Bioproducts, Rockland, Maine). The DNA 
band was stained with the ethidium bromide solution for 10 minutes and observed under ultraviolet irradiation. 

INDUSTRIAL APPLICABILITY 

[0053] A primer which reacts specifically with a gyrB gene of Vibrio parahaemolyticus to thereby differentiate and 
identify the same among other Vibrios and strains other than the genus Vibrio could be provided. 
[0054] The Vibrio parahaemolyttcus-specttic primer serves to detect 285-bp gyrB gene fragments specific for this 
Vibrio by the PCR method without the necessity for DNA extraction or like operations from bacterial cells. 

List of Sequences 
Sequence No.: 1 
Sequence length: 1258 
Sequence type: nucleic acid 
Strand number: single strand 
Topology: straight chain 
Sequence clae6: genomic DNA 
Sequence 

GAAGTCATC^ 60 
TCACXXEGTC 

CTAA£X2AITCAroG^ 180 
AOGOCTCTAGO^ 240 

GAGCTAHIj^ 3eo 
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AAGCAAGATCACITGAIt^ 420 

AAG\AMCACCAATO 480 

TOKfllAGAAGTOQCMI^^ 640 

AACAACAXIUCAC^^ 600 

(XrT!ADCXnMAGAGCTITATG(^ 6G0 

TCAGCXEACGAI^^ 720 

AAATICIXIlAGa^AC^ 780 

TOCXXXSATOGCT^^ 840 

GmUITO&MA^^ 900 

ATClACroGrcCTA^ 960 
CmiAAAAAGAIXXXXSGACT 

TCAQCI^AQCAGQGflXXniAA 1080 
CIGAAOGrEAG AAAAAGCAOG TITOGACAAG ArGTrerPCl T (XX^AAGAACTTCCMOQCIT 1140 

JflTACAGCACT^^ 1200 

CACAAGA!IC\TG^IX^ 1258 

Sequence No.: 2 
Sequence length: 419 
Sequence type: amino acid 
Topology: 6traight chain 
Sequence class: 
Sequence 

EVMVLHAGGKFDDNSYK^ GO 
THAVVGDADKIGHJIRFW 120 
KQDHFMYEQGIQAF^^ 180 
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NNIPQRDQGT HLAGFRAATT RTLM^MDKE GE3KKAKEAT SG2)DAREGLT AVVSVKVPDP 240 
s KESSQ?KDE&VSSft^ 300 

^fIKRKGALDL AG1PQKLADC QEKDPALSEL YIVBGDSAGG S4KQGRNRKN QALFLKGKI 360 
IM^KARFDKMLS9QEVAIL TEALG0C3GR DEHNPDKLRY HNHMmAD VEAKISVFC 419 

10 

Sequence No.: 3 
is Sequence length: 1258 

Sequence type: nucleic acid 
Strand number: single strand 

20 

Topology: straight chain 

Sequence class: genomic DNA 
25 Sequence 

GAAGTCATCA TGAOCGITCT GCAIGGAQGT GGEAAA3TOG AOGMIAACAC AAACAAATEA 60 
TOQQCTQGTC TXXX£GGGGT AOGIUIUTCA GEAATAAAOG CACEATCAGA GAAAGTTGAG 120 

30 

CEAAOGATFC APOGIGGTQG OCAXATOCAT AOGCAAACCT AOOGOCATQG TGAGOCTGCA 180 
AOGOCACEAG (XGTTCIGGG TCtAIAOOGAT AAAAOOGGEA CACAAA3TOG TTIUIGGOCA 240 

35 AGIGOOGAGA CGTIUIUEAA GACIGAGflTC CACEA1GACA TICIGGCXIAA AOGOCTGOGrT 300 

GAACTCrTGAT TOCTCAACTC TOGTOTGfTOG ADGAAAITOG TIGATGAAOG TQAAGCGGAC 360 

^ AAACATGA3C ACTTCA3GTA TGAAGGIGGT ATTCAAGC3GT TOGfTTGATCA CCEAAAGACC 420 

AACAAAAOGC GAA3XM03A GAGCXHCTIC GACITEAACr CTOAGGCTGA AGAOGGCATT 480 
TCAGITCAAG TOGOGATOCA AIGGAAOGAT GGTITOCAAG AGAACA3CTT CTOCTTEAOC 540 
AACAAIATOC CACAGOGrlGA TQGIQGTACT GAOCITCCTG GTITCXXTCC T30GCEAACA 600 
aJEACATIGA ACAGCITEAT GGATAAAGAA GGTITCTOQA AGAAAGOGAA AACAGOGACT 660 

so TCAGGOGAOG AnXXXXxIGA AGG1UEAACT QCXXJirOTTT OGGIGAAAGT GCTTOATOCT 720 

AAGITCTCAA GOCAAACAAA AGACAAACIG GTITCTIUIG AAGTGAAATC AGCTOTIGAG 780 
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TCTOCAATOG GTGAAAAACT GTCIGAGITC TIGA3TGAGA AOOOGACAGA AG0GAAGA1G 840 

GfTnGITOGA MATCATCAA TGCAGG40GrT GGATCTOAAG CAGOGCCEAA AXHTOIGAA 900 

A1GAOGOGCC GEAAAOGFQC ACEAGACCIA GCAQGCCITC CAOGEAAAGT TGCAGACICT 960 

CAGGAAAAAG ATOOGGCACT CTITCAACEA TACATAGTOG AGQGTGAATC GQGAQGOQGT 1020 

TOOGCAAAAC AAGGOOGrEAA COGEAAGAAC GAAGOGATCA CACCGCTAAA AGGEAAGfflT 1080 

CTEAAOGrTAG MAAAGCAOG TTTOGACAAG ATQCEAIUTT CICEAGAAGT AGrEAACACTG 1140 

AICACCQCAX TAGCTTGrTGG TATOGGTOGT GAOGAGGACA ADOCGGAGAA GOCTOGGGAC 1200 
CACAACA1AA TCA2CATGAC OGAGGGAGAC GEAGAGGCTC GGAG4TOOGT AOOCIGCT 1258 

Sequence No.: 4 
Sequence length: 419 
Sequence type: amino acid 
Topology: straight chain 
Sequence clase: 
Sequence 

EWMMliAGGKF^^ © 
TTUVVODTOKItJI^ 130 
KHDHFMYEGGIQAFVDHU^ igo 
NMPQpIXXJrHLAGERAAL^ 240 
KFSSqp^KLVSSEV^ 300 
MIHRKGALDLiOIX^ 380 
UWEKARFDKMLS^ 419 

Sequence No.: 5 
Sequence length: 21 



12 





EP0965 636A1 



Sequence type: nucleic acid 
Strand number: single strand 
Topology: straight chain 
Sequence class: genomic DNA 



Sequence 
CGG CGT GGG TGT TTC GGT AGT 



Sequence No.: 6 
Sequence length: 21 
Sequence type: nucleic acid 
Strand number: single strand 
Topology: straight chain 
Sequence class: genomic DNA 



Sequence 
TCC GCT TCG CGC TCA TCA ATA 
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40 Claims 



1 . An oligonucleotide having a nucleotide sequence derived from Sequence No. 1 , characterized in that it contains at 
least one site capable of amplifying a nucleotide sequence characteristic of Vibrio parahaemolyticus. 



45 2. The oligonucleotide of Claim 1 , having a nucleotide sequence unavailable from Sequence No.3. 



3. The oligonucleotide of Claim 1 or Claim 2, incapable of amplifying nucleotide sequences originating in Vibrio 
alginotyticus and Vibrio harveL 



so 4. The oligonucleotide of Claim 1 or Claim 2 or Claim 3, represented by Sequence No.5 or Sequence Na6. 



5. A method of detecting Vibrio parahaemolyticus by preparing a primer set comprising two of those of Claims 1 to 4, 
selectively amplifying therewith a DNA gyrase subunit B gene sequence contained in a specimen as a target, and 
determining whether or not there is a gyrB unit specific for Vibrio parahaemolyticus in the specimen. 
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